A study using laser desorption/ionization mass spectrometry has identified new oxygenated compounds in cuticular lipids of the fruit fly Drosophila melanogaster; one such compound, when transferred to females during mating, renders the females unattractive to males for days.
Joel D. Levine 1 and Jocelyn G. Millar 2 Advances in technology and discovery go hand in hand. In this issue of Current Biology Yew et al. [1] describe an innovative method for identifying the short-range pheromonal signals on insect cuticles that mediate reproductive and social interactions. Until now, these chemical signals typically were studied by analysis of whole-body extracts, so that all information about the spatial partitioning of components on different body parts was lost. Furthermore, previous methods usually discriminated against higher molecular weight and more polar compounds, so that the resulting analyses were biased towards the more volatile and less polar components of the extracts. To circumvent these limitations, Yew et al. [1] used ultraviolet laser desorption/ ionization coupled to time-of-flight mass spectrometry to sample different points on the surface of Drosophila melanogaster individuals, with a spatial resolution of 200 microns ( Figure 1 ). During their analyses of various body parts, the investigators identified new oxygenated hydrocarbons including a novel pheromone, named CH503, that is associated specifically with the genitalia of males, and which is used to render mated females unattractive to other males following copulation.
Chemical signals are probably the oldest form of communication in living organisms, and insects are maestros in the use of such signals. Chemical signals are used in virtually all aspects of insect life history, including protection of eggs and defense of immatures and adults, location and recognition of mates, food sources, and oviposition substrates, and regulation of eusocial interactions among insects that live in colonies [2, 3] . Unique messages are created by variations in the structure of the chemicals that comprise the message, and by combining chemical 'words' together in different blends and ratios [4, 5] . Over evolutionary time, the components of messages have been optimized to suit the context in which they are used. Thus, chemicals that communicate information over a distance, such as sex attractant pheromones or alarm pheromones, are relatively volatile, whereas compounds that are used for marking and recognition are usually nonvolatile, so that their message will persist [6] .
The Drosophila vinegar flies that underpin so much of modern biology are no exception, with all kinds of chemical signals and cues being crucial in their lives. For example, cis-vaccenyl acetate (cVA) is a male-produced pheromone that is attractive to females and also functions to temporarily render mated females less attractive to other males. The receptor that mediates this effect has been identified and this is one of the most well-understood mechanisms of pheromonal signaling in insects [7] . But there are other cuticular lipids whose functions are less well understood, such as the apparently species-and female-specific aphrodisiac (7Z,11Z)-heptacosadiene (7,11-C27:2), or (Z)-7-tricosene, which males may release to inhibit mating attempts by congeneric males [8] . One great advantage associated with studying chemical communication in Drosophia is the opportunity to gain insight into the genetic underpinnings of these phenomena. In this context, the humble fruit fly loses its place as a 'model system' and takes its place as an animal. How does one study the intricate details of these chemical signaling mechanisms?
The exoskeleton of insects is covered with a layer of cuticular lipids, the primary function of which is maintenance of water balance. However, subsets of cuticular lipid components also have a critical role as pheromones that are sensed on contact by olfactory or gustatory receptors. The cuticular lipids are composed primarily of mixtures of saturated and unsaturated hydrocarbons, with lesser amounts of more polar compounds such as alcohols, carboxylic acids, and esters, including triglycerides. To date, almost all studies of insect contact pheromones have used coupled gas chromatography-mass spectrometry (GC-MS) for separation and identification of the cuticular lipid components. However, GC-MS has two major limitations: first, analytes must be at least slightly volatile to be able to pass through the gas chromatograph. Thus, almost all studies of insect cuticular lipids have focused on the subset of compounds smaller than about C 40 in chain length, leaving the identities and possible roles of larger and less volatile compounds unknown. Second, most studies have used cuticular extracts from whole insects or groups of insects, so information with regard to differences in distribution of various compounds on different body parts is lost.
This knowledge gap is addressed in an innovative study of D. melanogaster cuticular lipids by Yew and coworkers [1] . Behavioral and physiological studies had suggested that these insects must have signal molecules in addition to the male-produced cVA, and unsaturated hydrocarbons such as (Z)-7-tricosene and (7Z,11Z)-heptacosadiene. In search of such compounds, Yew et al. [1] coupled ultraviolet laser desorption/ ionization to time-of-flight mass spectrometry (LDI-TOF MS) to analyze cuticular lipids of individual intact flies, taking measurements from 200 mm patches of several body parts in males and females (Figure 1 ). This sensitive method provided the first evidence of a number of long-chain oxygenated hydrocarbons, including a male-specific monoacetylated diol named CH503 which, like cVA, is associated with the genitalia of males and transferred to females during mating. Subsequent bioassays demonstrated that CH503 may account for the relatively long period during which mated females are less attractive to males than virgin females. Sequential analyses of a series of mated females showed that cVA dissipated rapidly, whereas the less volatile CH503 persisted for many days. CH503 and the other oxygenated compounds had been missed in previous, GC-MS-based studies of Drosophila cuticular lipids, even though similar compounds are well known from other dipteran species, such as the house fly [9] .
This study [1] using LDI-TOF MS, a previous study by some of the same authors [10] that used direct analysis in real time (DART) MS for analysis of cuticular lipids sampled from live flies, and recent work by other groups [11] has clearly shown that cuticular lipid analysis by GC-MS alone can miss major groups of compounds. Nevertheless, the casual reader must not be seduced into thinking that LDI-TOF MS can be used as a stand-alone method for lipid analysis, because it too has significant limitations, as pointed out by the authors. In particular, saturated hydrocarbons are not ionized by direct laser desorption/ionization, and so this large and abundant class of cuticular compounds is invisible in LDI-TOF MS analyses. Furthermore, unsaturated and polar compounds are ionized with varying degrees of efficiency, so the relative signal strengths from different compounds are not proportional to the amount of each present.
A further serious limitation of LDI-TOF MS is that compounds with the same molecular formula produce only a single composite signal. Thus, LDI-TOF MS as a stand-alone method is not able to show whether more than one isomer is present, nor does it provide any information as to the positions or geometries of double bonds. Because insect cuticular lipids often contain a number of double bond isomers, each with differing biological activity, this can present a serious drawback. For example, LDI-TOF MS cannot distinguish between (Z)-7-tricosene or (Z)-9-tricosene, nor can it distinguish between cVA and ethyl oleate, a common fatty acid ethyl ester, because both have the same molecular formula (C 20 H 38 O 2 ). In contrast, making these distinctions would be straightforward by GC-MS.
The application of LDI-TOF MS is clearly a step forward in insect cuticular lipid analysis, and coupling of LDI-TOF MS with tandem mass spectrometry (for structural elucidation) and/or ion mobility separation (to help resolve isobaric ion species) would further increase its power. However, by far the best option -at least for now -would be use of GC-MS and LDI-TOF MS in parallel, with the former method providing both good resolution of isomers and detection of all of the semivolatile hydrocarbons that comprise a large fraction of the cuticular lipids, and the latter providing analyses of the larger and/or more polar nonvolatile compounds, as well as verification of many of the unsaturated and functionalized compounds seen by GC-MS.
A further take-home message from the new study [1] is that there is often a lot more to be discovered, even in very well-known and well-studied organisms such as Drosophila. Here, the discovery of a series of oxygenated hydrocarbons opens up new possibilities for study of their behavioral and physiological roles, as well as studies of their biosynthesis, previously unsuspected metabolic pathways, the mechanisms of their perception, and the evolution of chemical signaling within this and related species. Clearly, we have a lot more to learn about the chemical language of the little fly. In mammals, sweet taste is mediated largely by a single receptor. New work shows that polymorphisms in the promoter region of one subunit contribute to variation in sweet perception in the human population.
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Sweet taste perception is the source of both great pleasure and terrible public health problems: triple chocolate blackout cake and tooth decay; Meyer lemon ice cream profiteroles and obesity; passion fruit pavlova with lemon verbena cream and diabetes. Humans were experimenting with methods for altering our sweet taste perception long before we knew the identity of the sweet receptor, whether we were chewing on miracle fruit to make sour foods taste sweet or drinking gymnema sylvestre tea to make sugar taste like sand [1] . Earlier this decade, several groups [2] [3] [4] [5] [6] [7] [8] showed that in mammals, sweet taste is mediated largely by a single receptor composed of the two subunits TAS1R2 and TAS1R3 ( Figure 1A ). Understanding how this receptor responds to sugars may lead to the development of new sweeteners and inhibitors that would be useful to both the food industry and medicine. In this issue of Current Biology, Fushan et al. [9] examine how polymorphisms in this receptor, the point of convergence for both dessert and disease, alter our perception of sucrose.
We have known for some time that the taste world of one individual is different from that of another -humans' sensitivity to sweet and bitter compounds can show dramatic variation -but the basis for this variability has been elusive. As information from the human genome became available, the field of chemoreception found a number of cases where receptor genes show polymorphisms among individuals. In some cases, researchers showed that these variations in the primary receptor alter perception of the sensory world. For example, previous work on bitter receptors in vitro showed that three one-letter changes in the hTAS2R38 receptor lead to much higher sensitivity to certain bitter compounds known as glucosinolates [10] . Consequently, humans with this variant receptor are more sensitive to glucosinolates [11, 12] . While humans have over 20 receptors for bitter tastes, they have only one for sweet taste, making it an attractive place to look for genetic changes that lead to variation in sweet perception. Indeed, variations in the sweet receptor across species have already been shown to have effects on sweet perception -domestic house cats have a defect in the TAS1R2 gene and are therefore indifferent to the taste of sucrose [13] .
Fushan et al. [9] measured the ability of 144 individuals to detect various concentrations of sugar solutions and searched for polymorphisms in the TAS1R2 and TAS1R3 genes in these individuals that correlate with perception. They found several variations that change amino-acid sequences in both the TAS1R2 and TAS1R3 subunits of the receptor. Surprisingly, however, variations in the two subunits did not correlate with a 
